When the possibility of heart failure is anticipated in the human subject during exercise, or during some other form of circulatory stress such as a surgical operation, the chance of benefit from the administration of digitalis must be weighed against the probability of circulatory impairment by the drug if no heart failure appears-a probability which has been suggested by prior clinical observations,' and by physiological studies in resting human subjects free of heart failure."" Ue 1 However, the changes of cardiac output caused by digitalis at rest may not necessarily indicate what effects the drug will have on the stressed circulation. In the normal dog, for instance, the resting systemic blood flow is reduced7 by a dose of cardiac glycoside which increases ventricular contractility,' and which improves the output of the heart working under an increased pressure or flow load.' It is apparent that the effect of digitalis on circulatory competence is best measured by a change of cardiac output when the heart is operating near the limit of its capacity, or when the adequacy of the output may be expressed in terms of concomitant peripheral circulatory demands.
The present investigation was prompted by the need for more definitive information regarding the effect of cardiac glycosides on the normal human circulation under stress. With the aforementioned considerations in mind, it was proposed to evaluate the effect of Lanatoside-C on the circulatory response to some form of exercise commonly required of the human subject. For this purpose, it was of paramount importance to choose the proper type and degree of exercise with which to challenge the circulation, as well as the most suitable measurements by which to evaluate the circulatory response.
The types of exercise, i.e., bicycling and supine pedaling which have been used for most pertinent previous studies of the circulation during muscular effort,'" 6, 9
W 27 cause changes of heart size, rate, and output which are quite different from those elicited by walking'." which was chosen for the present studies because it is a form of exercise familiar to all subjects, for which no special training is needed and to which, therefore, more reproducible circulatory responses during repeated studies may be expected.' The degree of exercise necessary to detect cardiac impairment depends not only on the extent of this impairment but also on the method used for its detection. Although exhausting exercise is needed to define the respiratory limits of the physiological response to effort," "submaximal exercise"2 may be used to define circulatory deficiences of the response9'0'ff and was chosen for the present studies because it was more reasonably applicable to ordinary hospital patients.
The most reliable and sensitive parameters for evaluating the circulatory response to exercise in human subjects include tissue anaerobiasis,"'9' regional redistribution of peripheral blood flow,8 and intracardiac pressures (under special circumstances).' However, measurements of these parameters involve difficult and uncomfortable procedures which are not readily applicable to walking exercise or to repeated evaluations of the same subject. The cardiac output was chosen for evaluating the circulatory response to exercise in the present studies because of its demonstrated utility for this purpose1' "and particularly because of the availability of a readily applicable and reliable method for its measurement during walking exercise in human subjects."
The only prior study of the effect of digoxin on the cardiac output responses of normal subjects to exercise' yielded results which were not without question. Digoxin appeared to diminish slightly the rise of cardiac output in six normal subjects with exercise. However, only mild supine exercise was used, and the reproducibility of the normal response of the cardiac output was not documented, so that release of anxiety' and training effects"12 may have contributed to the tendency for the cardiac outputs during exercise after digoxin to be less than the pre-digitalization values in four of six subjects. The present study was, therefore, also designed to define the reproducibility of the circulatory response to a standard exercise in the same subject, and to define the "adequacy" of the circulatory response to exercise after digitalization by comparison with immediately antecedent studies in each subject.
Thirty subjects, who had no clinical evidence of cardiac or respiratory impairment, were studied at rest and during the fourth minute of exercise on a motor-driven treadmill set at a grade of seven degrees and at a speed of 1.2 to 3.5 miles per hour. Each subject was given experience in walking on the treadmill during preliminary trials during which a belt-speed was selected which caused slight dyspnea, but which was easily tolerated for at least five minutes. The cardiac output was measured by an indicator-dilution method, using an earpiece cuvette, as described in detail in a separate report.14 Ratios of the values of cardiac output (QA2/QA1), determined at rest or during exercise at one-hour intervals, were derived by direct comparisons of the areas of dye curves recorded from each subject with a fixed earpiece placement and after repeated injections of identical amounts of dye-indicator. In 12 studies (Table 1) , Lanatoside-C was administered intravenously in doses of 1.2-1.4 mg. after the first exercise period.
RESULTS
Variations of the repeated determinations of cardiac output in both resting and exercising subjects were observed within the limits indicated in Figure 1 . The values of the ratios, QA2/QA1, ranged approximately between 0.75 and 1.35 both for the control subjects as well as for those subjects given Lanatoside-C. No significant effect of the glycoside on the resting cardiac output, or on the normal response of the cardiac output to a standard exercise, was evident (cf. P-values, Fig. 1 ).
DISCUSSION
In the subjects of the present study, Lanatoside-C did not measurably alter the "normal" response of the cardiac output to exercise. However, several restrictions must be placed on the interpretation of these results:
1. The control of the cardiac output, particularly during exercise in the intact subject, is quite complicated, involving humoral, neurovascular, and peripheral circulatory factors which have no necessary relation to changes of myocardial function."' Lanatoside-C might have altered several factors in such conflicting directions as to leave the "net" cardiac output response the same.
2. A higher dose of Lanatoside-C or more exhausting exercise might have brought out an effect of the glycoside not evident in the present studies. However, frank congestive failure is usually partly or wholly relieved by the dose of drug used herein. Furthermore, the degree of exercise used was representative of the more strenuous activity encountered by many of the present subjects in their ordinary lives. Most of the subjects would not easily have accepted more exhausting effort. 3. The range of normal variations of the response of the cardiac output to exercise may have obscured a slight effect of Lanatoside-C. Since both physiological variation and methodologic error (less than about 13 per cent by the present method") were responsible for the observed normal incon- stancy of the exercise response, any slight effect of Lanatoside-C which was undetected in the present experiments would require an entirely different approach for its elucidation. A study of the relation of the cardiac output to "anaerobic metabolism" during exercise" might be more revealing in this regard.
With the above reservations, it may be concluded that, on the basis of the present studies, there would seem to be no valid reason for withholding a cardiac glycoside in clinical practice for fear of impairing the circulatory response to a stress comparable to moderate walking exercise.
